unsatisfactory for spontaneous ventilation, particularly at elevated end-expiratory pressure, Since it is now recognised that most patients requiring respiratory support can be managed without intermittent positive pressure ventilation (IPPV), spontaneous modes on ventilators are becoming more important. 1, 2 Manipulation of oxygen concentration (FI02) the pattern of airway pressure and the number of artificial breaths are the only variations of respiratory support in common use. It is well recognised that excess in these three areas can have deleterious effects. 3 -6 Continuous positive airways pressure (CPAP) is an old therapy for respiratory failure that is now enjoying renewed interest. 6 -11 Monitoring of respiratory care can be achieved by complex equipment or by simple clinical means combined with occasional blood gas analysis. It is arguable whether sophisticated accurate measurement of various respiratory parameters has improved the prognosis of patients needing respiratory support beyond that which can be achieved by good clinical care and attention to basic principles.
Ideally, respiratory support should be accomplished with minimal effect on body systems, and in particular central nervous system depression, skeletal muscle paralysis and impairment of cardiovascular function 6 ,12,13 should be avoided or minimised. The normal pattern of ventilation with a low mean intrathoracic pressure is probably the most efficient when flow requirements are met during inspiration. 14 Intermittent mandatory ventilation (lMV) is useful both as a weaning technique and as a method of maintaining low mean intrathoracic pressures.
Most patients will need only minor changes in FI02, small variations in positive endexpiratory pressure (PEEP) and limited intermittent mandatory ventilation (IMV). Many will be able to provide some spontaneous ventilation. Few patients need or should receive total respiratory requirement from a ventilator. Thus, most patients should avoid the deleterious effects of paralysis and sedation during prolonged support. 15-17 Much of the sophistication on modern ventilators is either not used nor required and many ventilators do not fulfil the expectation of the users. 18, 19 We describe a high flow system that allows variable oxygen concentration, airway pressure and ventilator breaths. It is particularly useful for spontaneously breathing patients, as the high flow in the circuit ensures that work of breathing is low and no valves are necessary to initiate a breath. 2o ,21 It is both cost-effective and satisfactory for everyday use.
System description
The system is shown schematically in Figures 1 and 2 .
Piped oxygen and air are fed to an oxygen blender (A) and directed via a flow meter capable of flows up to 15 litres per minute at concentrations of oxygen varying from 21-100%. The flow is directed to a venturi (B) [Downs Flow Generator #9200 Vital Signs Inc]. The venturi entrains air through the side port to a total flow of up to 130 litres per minute which is directed to the inspiratory limb (C). At the side port, air can be filtered before being entrained. The concentration of gas in the inspiratory limb is able to be varied between 21-35% depending on the oxygen concentration from the blender and the resistance in the circuit. The inspiratory limb is diverted through a Fisher and Paykel Servocontrolled M600 Humidifier that copes well with high flows (D). The flow from the The ventilator valve is always open and the circuit functions exactly as a T-piece with high flows of humidified gas. Oxygen concentration is able to be varied with the blender (A). CPAP levels by the addition of a CPAP valve (H) and are a function of the flow rate and the CP AP valve chosen. This is the function of the circuit during expiration when using IMV or IPPV and when using the circuit for CPAP. Figure 1 ). The gas driving the ventilator is taken from the same blender that supplies the flow generator. With such high flows there is always 2-3 cm H20 CPAP in the circuit. When the ventilator is off, or during its expiratory cycle, patients are free to breathe spontaneously from the high fresh gas flow in the system.
The Nuffield Series 200 ventilator is a fluidic logic, time-cycled, constant-flow . During a machine breath, the valve (G) from the ventilator occludes the outflow of gas from the circuit and gas is driven from the ventilator into the expiratory limb (F) thus diverting gas from the inspiratory limb (E) into the patient's lungs. The tidal volume delivered is a function of the compliance of the patient's lungs, the flow rate in the circuit and the ventilator settings. generator. It is used extensively for IPPV during anaesthesia. It has controls for inspiratory time, expiratory time, and flow rate of the driving gas delivered from the ventilator. A manometer reads circuit pressure from the expiratory valve. The expiratory time controller has been modified so that rates between 2 and 120 per minute can be set easily. This is adjustable at any flowrate setting. The ventilator is connected to the flow generator and the humidifier as shown in Figures 1 and 2 . During the machine inspiratory cycle (Figure 2 ), the valve piston blocks off the expiratory port and gas from the ventilator flows down the expiratory limb. Gas from the flow generator in the inspiratory limb and the expiratory limb will inflate the lungs. Tidal volume is a function of flow from the venturi device, flow from the ventilator, pressure generated in the circuit and the patient's lung compliance. For patients with extremely low compliance requiring high inspiratory pressures, a one-way valve is placed on the entraining port of the venturi to prevent gas being preferentially vented. This is rarely necessary.
For provision of PEEP and CPAP, a PEEP valve of desired resistance is attached to the expiratory port of the ventilator. Ifnecessary, expired gases can also be filtered at this site.
An oxygen analyser is used to determine the FI02 which can be altered between 0.21 and 0.35 by altering the blender mixtures. For FI02 greater than 0.35, a Downs adjustable FI02 flow generator [#9250 Vital Signs Inc] is used. This has a different design and is driven directly from the oxygen delivery line (the ventilator is driven from the blender set at 100%). This allows the use of oxygen concentrations up to 100%. This high oxygen concentration flow generator is rarely used.
For infant and neonatal use, the circuit from the Fisher and Paykel humidifier is changed to a smaller paediadric set [Custom infant breathing circuit #0503-509(3) Isothermal Systems Inc]. A Newton valve [Penlon #57141] is placed on the Nuffield ventilator in place of the conventional expiratory valve. For children under 15 kg, the venturi device may be discarded as enough flow is generated by the blender alone (up to 15 litres).
DISCUSSION
The high continuous-flow CP AP circuit using the Downs flow generator has been described before for use in the spontaneously breathing patient and found to be clinically effective. 22 Gas flow in CPAP/IMV circuits can be produced by high continuous flow, by demand valves or by using a low flow with a reservoir bag. Most of the commonly used systems use a demand valve and these systems have been associated with an increase in the . work of breathing. This may be due to their inadequate gas flow and time delay in initiating flow for a triggered breath.lS-21 Systems in which the gas flow is four times greater than the patient's minute volume minimise the airway pressure changes below set CP AP levels that occur and hence minimise the work of breathing. 21 This study, however, was done in healthy volunteers and the results may not be the same in acute respiratory failure. The Downs flow generator has a flow rate several times larger than four times the minute volume and in most cases exceeds peak inspiratory flow rate. During spontaneous ventilation, the pressure manometer on the Nuffield ventilator oscillates about the set CP AP level and the patient rarely decreases airway pressure during inspiration greater than 2-3 cm below what is set on the CPAP. This, we believe, means that patients breathing on this system do not have an increase in their work of breathing. Others have shown that high flow systems are superior to demand systems for IMV. 2o ,21
High flow venturi CPAP systems have advantages over low flow systems that incorporate reservoir bags. These systems need one-way valves to isolate them from the IMV circuit to prevent machine breaths inflating the reservoir bag. Reservoir bag systems have been used with success. 1S ,23-25 The use of a venturi negates the need for both a one-way valve and for a reservoir bag. Since flow is high and immediately available no effort is required for triggering or initi~ting gas movement in the circuit.
The system described is open at both ends except during an IMV breath when the ventilator cycles and then only the venturi end is open. This means that there is no feeling of discomfort to the patient when a ventilator breath falls on a spontaneous breath. The patient does not have to trigger any valves and therefore initiating inspiration is natural. In practice the patient on this system never 'fights the ventilator'. With a high flow always in the circuit, peak inspiratory flow rates are rarely in excess of circuit flows. In our intensive care we make extensive use of regional analgesia, narcotic infusions and awake intubations. We aim for minimal sedation during ventilatory support so that our patients are, where possible, able to sit up, communicate, read and co-operate with staff. We have not been able to achieve this with previously available systems. This approach is advantageous for nursing as the patient usually maintains orientation and is able to co-operate. 2 ,6 Barotrauma is minimised using this system as it is valve-free, and even during a ventilator breath the circuit is open via the venturi. During coughing, a coincident ventilator breath or expiratory limb obstruction, there is reverse flow in the venturi when the system pressure exceeds 40 cm H20Y Excessive airway pressure is therefore avoided. When ventilatory pressures exceed 40 cm H20, the venturi will become inefficient and adequate tidal volumes will not be achieved. In patients who have very poor lung compliance requiring higher pressures, a one-way valve is placed on !he entrainment port of the venturi so that gas IS not lost from the system during ventilation cycles. However, the patient is still protected by a safety pressure relief valve on the ventilator port and therefore pressures higher than 80 cm H20 cannot be achieved.
The Nuffield Series 200 ventilator is a very simple, robust ventilator that has been extensively used for IPPV in theatre. It has proved to be very reliable in clinical practice in this IMV system. The only modifications we have made to the standard model have been to use a pressure relief valve that is set at 80 cm H20 and to have the expiratory time control adjusted so that rates of 2-120 breaths per minute can be achieved. In this system we use it as aT-piece occluder, much the same as in paediatric anaesthetic practice, with the added advantage that the delivered breath is a combination of delivered gas flow from the venturi and a variable retrograde flow from the expiratory limb. This adds greater control of tidal volume. One essential feature of the ventilator is that when turned off, or during its expiratory cycle, the system is open to the atmosphere and there is very little resistance to expiration during spontaneous ventilation. It is simple to control the number of breaths by adjusting the expiratory time and so it is possible to move from IMV to IPPV easily. Tidal volume can be adjusted by adjusting the inspiratory time and the flow rate control. The number of required breaths can be adjusted in the normal way according to clinical response and blood gas results. We believe this system is a suitable alternative to the more expensive and elaborate ventilators that are currently employed in ICUs. The ability to deliver precise tidal volumes of various waveforms, at set synchronised or triggered times, is mostly unnecessary and in many ICUs the facilities available on expensive ventilators are rarely used. No matter what system is used, the patient's clinical and blood gas status are always regularly assessed and necessary adjustments made. It is debatable whether precision and exact measurement of adjustments are essential to good respiratory care. This system does not attempt to synchronise breaths and there is no evidence that synchronisation is necessary. 28 Under normal conditions the Nuffield Series 200 ventilator is a constant-flow generator. During inspiration a constant flow of driving gas is delivered down the inspiratory limb until it cycles to expiration. Normally, this would result in a constant flow of fresh gas to the patient. However, because there is reverse flow in the venturi when circuit pressure reaches 40 cm H20, it behaves as a constant-pressure generator. We have verified this with manometry.
It is an advantage of the system that it can be used with minor modification for paediatric respiratory support. The Nuffield ventilator with a Newton valve has been shown to function as a constant-pressure generator and has previously been described as a neonatal ICU ventilator. 29 Flows from the ventilator may be adjusted down to 250 ml per minute, tidal volumes may vary from 10-300 ml, and frequency adjusted up to 80 breaths per minute. 29 We have used this system in our ICU for the respiratory support of many infants.
This system has an intrinsic CPAP of 2-3 cm H20 at all times. This is due to the high flow through the circuit and cannot be decreased except by redesigning the expiratory valve of the ventilator. Postoperative patients have impaired gas exchange due in part to atelectasis in dependent regions of the lung.!!·3o.3! CPAP has been demonstrated to improve gas exchange in these patients.!! CPAP is also of benefit in acute lung injury.6 Thus, a basal level ofCPAP may be advantageous in many patients. Conditions where CPAP may be less desirable are closed head injuries and bronchopleural fistulae. In these patients, mean intrathoracic pressure is important and if mean pressures are kept low by maintaining as many spontaneous breaths as is possible, then small changes in CPAP will make little contribution to mean intrathoracic pressure. CP AP in these patients may have some benefits by preventing atelectasis. If these patients have concurrent lung injury, then CPAP may decrease the work of breathing, fewer IMV breaths may be necessary and the mean intrathoracic pressure kept lower than ifIPPV with PEEP were used.
We measure oxygen concentration at the expiratory valve of the system. Frequently, this varies 2-4% as the ventilator cycles. This variation is probably due to the effect of the increased circuit pressure during an IMV breath, causing a variation in the entrainment ratio of the venturi. The ventilator and the venturi are driven by the same concentration of gas from the blender. Except when using air from the blender, the ventilator gas and the gas in the inspiratory limb will be of different concentrations. The ventilator gas will always be of higher oxygen concentration than the gas from the venturi. It is very unlikely that gas from the ventilator contributes significantly to tidal volume because of the high gas flows and the length of the expiratory tubing. We choose to measure oxygen concentration at the expiratory valves as this is convenient and means that the circuit need not be broken. For more accurate inspired oxygen percentage, oxygen measurement could be done at the endotracheal tube. We take the lowest oxygen concentration measured for our recordings. In clinical practice the oxygen concentration is varied according to blood gases and so the actual measurement and its site are not critical to management. We have not found the small variation in oxygen percentage to alter our management. The high gas flows in the circuit means that rebreathing of expired gas is not a problem. For example, during IPPV at 20 breaths per minute and an expiratory time of two seconds, the flow past the endotracheal connector during this time will be about four litres of gas from the venturi and this is enough to clear the expired gas entirely from the lesser volume of the circuit. During spontaneous ventilation, circuit pressures vary less, and the variation in oxygen concentrations is minimal.
This 'home-made' system has been in use in our institution for two years and has been used on over 250 cases for more than 500 ventilator days. It has proven to be clinically acceptable to our nursing and medical staff and we have not excluded any group of patients from its use. We consider it to be suitable for use in a general intensive care unit, particularly one in which spontaneous ventilation is encouraged. The future generation of ventilators will hopefully be more successful in the spontaneous breathing mode. In particular, it would be an advantage if they were designed to support spontaneous ventilation and have an option for IMV/IPPV rather than provide IPPV with the option of IMV/CPAP modes added on.
There is obviously room for improvement in ventilator design and this system also could be improved upon. However, we believe that it is a reasonable option that is relatively inexpensive and satisfactory in day-to-day use. It is entirely gas driven and independent of electrical supply. We have been able to equip six ICU beds with this system for the cost of one high technology, modern ICU ventilator.
In conclusion, our approach to initiation of and weaning from respiratory support is similar to others, with the judicious use of CPAP, low FI02, and spontaneous breathing supplemented where necessary by machine breaths.l.2 The initiation sequence is reversed with gradual withdrawal of IMV, along with reduction in FI02. Finally, CPAP is withdrawn gradually. This cost-effective and simple system enables us to achieve this without complex demand valves and sensing devices. This system has not undergone evaluation with regard to work of breathing, flows with IMV, and oxygen concentration variability, but it is based on the known advantage of high flow systems and the desirablility of using CPAP/IMV modes of respiratory support. Clinically, we have found it to be effective and useful, particularly in the spontaneously breathing patient. Its versatility allows us to use it for several modes of respiratory support in paediatric and adult cases.
